Objective: Isolated tubal torsion (ITT) is a rare entity in which fallopian tube torses without ovarian torsion. The presenting symptoms are nonspesific. In this study, we aimed to report 6 pediatric cases of ITT treated with different surgical techniques in our instution and to suggest tubal conservation.
INTRODUCTION
Isolated tubal torsion (ITT) is a rare entity with an insidence of 1 in 1500000 females in which fallopian tube torses without ovarian torsion (1, 2) . The presenting symptoms and physical examination findings are nonspesific and show similaritieswith the other causes of abdominal pain. Radiologic diagnosis of ITT is also limited. Prompt surgical intervention is mandatory to preserve the fertility capasity and to avoid serious complications. There are several surgical techniques for the treatment of tubal torsion. In this study, we aimed to report 6 pediatric cases of ITT treated with different surgical techniques in our instution and to suggest tubal conservation for the preservation of future fertility.
SUBJECTS AND METHODS

Three cases of isolated tubal torsion (ITT) treated in our instutition between January 2000 and
December 2012 have been previously reported (3) . As it is a very rare pathology and the surgical therapeutic options vary, we aimed to expand our case series of ITT by combining the data of the original 3 cases with the additional 3 patients whom were treated between December 2012 and May 2016. Exclusion criteria were ipsilateral ovarian torsion together with fallopian tube torsion, medical history of pelvic surgery or pelvic inflammatory disease (PID), tubalor ovarian malignancies or pregnancy.
RESULTS
6 cases of ITT underwent surgical intervention. The mean age of the patients was 10.16 years (5 days-14 years). Abdominal pain was the main complaint in all of the patients (n:6/6, 100%).
Vomiting associated pain in 3 patients (n:3/6, 50%) and palpabl mobile abdominal mass in 1 new-born patient (n:1/6, 16.6%) . This 5-day-old baby had antenatal diagnosis. The mean duration of symptoms was 4.2 days ( 1-7 days). Two patients had the history of intermittent abdominal pain for a week. 3 patients were at menarche wheras the other 3 were at premenarchal period. All of the patients were afebrile and most of them had normal leukocyte levels and Creactive protein (n:4/6, 66.6%). Except a newborn patient, tumor marker levels of ferritin, lactate dehydrogenase (LDH) and alpha-fetoprotein (AFP) werein normal range. Urinary tract infection was present in only one patient. Pelvic doppler ultrasonograpghy (USG) was the first imaging modality in all of the patients.
Due to diagnostic difficulties, magnetic resonance imaging (MRI) (Picture 1) followed USG in 3 patients and computed tomographic scan (CT) in 2 patients. Sonographic findings were helpful to diagnose tubal torsion in only one patient preoperatively describing a whirlpool sign spesific for ITT (16.6%) . No further imaging was obtained for that patient and she underwent immediate laparotomy. Laparoscopy was performed in only one patient and it was converted to open surgery for easier removal of the necrotic tissue. At laparotomy, tubal torsion was observed on the right in 4 cases ( 66.6%). Torsion was 720 degrees counterclockwise in three patients and 360 degrees clockwise in twopatients. Salpingectomy was performed in 3 cases (50%) and detorsion without salpingectomy in the other 3 patients (50%). In-utero tubal torsion and autoamputation was identified in the newborn patient. The right tube was 0.5cm in length with obliterated tip. Autoamputated tube 6x5 cm in diameter which was connected to the tip of inflamed appendix was removed together with the appendix.
Hematosalpinxassociated tubal torsion in the second patient for whom salpingectomy was performed. In the third patient, the torsed left fallopian tube was in the form of a necrotic blue mass 10 cm in diameter. Histopathological examination of the resected fallopian tubes revealed hemorrhagic infarction and necrosis. In the first patient for whom right tubal detorsion without resection was performed, the right ovary was 5x6 cm in diameter and it was edematous with milimetric follicule cyts (Picture 2). In the second patient, there was ipsilateral right ovarian cyst 9x10 cm in diameter. The cyst was excised preserving the right normal appearing ovary. In the third patient, there was a 10x10 cm left paraovarian cyst incorporated in the broad ligament close to the left fallopian tube and it was completely filling the pelvis (Picture 3). After aspirating clear fluid from the cyst, the left torsioned tuba was detorsioned and the cyst was totally excised. The left ovary was normal.
The postoperative period was uneventful in all of the patients. During a period of 7 years follow-up in one patient and the 14-year follow-up of the other two patients for whom salpingectomy was performed, no recurrence has been observed. In the postoperative US assessments of the three patients for whom detorsion was performed, no signs of tubal or ovarian pathologies were identified during the six-month follow-up period .It was not possible to evaluate the postoperative fertility of these patients due to their rather young age. Patient characteristics are summerized in the Table. DISCUSSION Isolated fallopian tube torsion refers to the complete or partial twist of the tube along its axis without ovarian torsion. It is a very rare but important cause of lower abdominal pain in premenstrual girls and postmenarchal teenagers younger than 18 years. Delay in surgical intervention results in ischemic tubal injury which adversely effects future fertility of the patient similar to infectious or adhesive diseases.
There may be intrinsic and extrinsic causes that predispose to ITT (4). Intrinsic causes include congenital or acquired pathologies of the fallopian tube such as long or spiral tube, hydrosalpinx, paratubal or paraovarian cysts, neoplasms, tubal ligation, ectopic pregnancy, pelvic inflammatorydisease, abnormal peristalsis or spasm of the tube. Extrensic causes include local and mechanical factors such as adhesions and acceleration/deceleration of the body that is known as the Selheim theory (5).
A corralation between ITT and practicing sports involving sudden changes in the body position has been reported in children and adolescent females (6) . Elevated follicle-stimulating hormone (FSH) level during early puberty may be the cause of abnormal tubal motility in the absence of tubal pathologies (7.8) . In this study, hydrosalpinx was observed in one menarchal patient. Whether hydrosalpix is the cause or the consequence of the torsion is an issue that should be considered in the pathogenesis (9) . Ipsilateral ovarian cyst 9x10 cm in diameter was present in one premenarchal patient and ipsilateral paraovarian cyst 10x10 cm in diameter in another menarchal patient. No normal-looking fallopian tube was observed in the presented neonatal patientand it was speculated that it had presumably torsed in utero, resulting in autoamputation.
To our knowledge, it was the only ITT of neonatal age reported in the English literature (3).
Torsion of the right fallopian tube is more common (10.11) . This may be due to the presence of sigmoid colon presenting a preventing effect on the left, compared with the relative mobility of the cecum on the right. Another reason may be the fact that the right utero-ovarian ligament is physiologically longer than the left. In this study, tubal torsion was observed on the right in the majority of the cases (66.6%).
The clinical findings and presenting symptoms of ITT are nonspesific and are similar to those of ovarian torsion which include sudden onset of abdominal pain, nausea, vomitting and rarely, fever (12, 13) . Pain with duration of more than 10 hours before surgery was reported to be associated with an increased rate of tubal necrosis (14) . Except from the antenatal diagnosed neonatal case, two patients for whom salpingectomy was performed admitted with the history of pain for 3 days. On the other hand, however, two of the three patients for whom detorsion without salphingectomy was performed had the history of abdominal pain of seven-days' duration.In this study, the duration of pain was not a predictive factor for tubal necrosis.
Laboratory findings are also nonspesific (15) . Absence of leucocytosis and normal C reactive protein (CRP) values, as observed in most of the presented cases in this study, may help to distinguish tubal torsion from appendicitis.
Abdominopelvic doppler ultrasonography (USG) is the first imaging modality, but diagnostic property of radiology is limited in ITT. In a case series, the most consistent finding on USG was reported as a midline cystic mass with a normal ipsilateral ovary (16) . Because of the dual vascular supply of the tubes, a normal doppler USG can not exvclude the diagnosis of tubal torsion (17) . A whirlpool sign has been described as a specific sonographic finding of ITT (18) .
USG revealed a whirlpool sign in the right fallopian tube in only one of the presented cases and she immediately underwent laparotomy with no furher radiologic imaging. Computed tomographic scan (CT) and magnetic resonans imaging (MRI) can reveal the adnexial mass but no signs of ischemia. MRI associated USG in 3 of the patients and CT in the other two patients in this study, but revealed no pathognomonic signs for ITT. In one study, the sensitivity of US, CT and MRI in diagnosing ITT was reported as 22%, 14% and 40% respectively (19) . The exact diagnose is made during exploratory laparotomy.
There are several surgical theraupetic options for the treatment of ITT. Salpingectomy was reported as the most common surgical technique (20, 21, 22, 19) . Although salpingectomy does not change subsequent patient fertility when the contralateral tube seems to be healthy (23), there is always a risk of infection or torsion for the remaining tube. Therefore, salpingectomy carries a risk of adverse effect on reproductive function of the patient when compared with tubal conservation. Partial resection of the affected distal part of the tube is another option (7).
However, distal part of the fallopian tube containing ampulla and fimbria is necessary for ovum captation (24) . The remaining nonfunctional proximal part of the tube carries the risk of hydrosalpinx formation and a possible site for ectopic pregnanacy. Total resection, instead of partial resection is therefore recommended, when necessary (7) . In this study, salpingectomy was performed in 3 patients (50%) for totally necrotic ITT.
The future fertility of the pediatric patients is an important issue that should be taken into account when treating ITT. As ovarian salvage is opposed in ovarian torsion regardless of how necrotic the ovary appears (25, 26) , the same conservative approach can be applied in ITT.
Therefore, detorsion without resection is another option. Recurrence after detorsion due to distal tubal occlusion which required salpingectomy has been reported (7). In the presented study,50%
of the patients were treated with detorsion and no recurrence has been observed during 6-month period of follow-up. Salpingoneostomy has been reported in premenarchal girls after detorsion of ITT as a second-look surgical procedure (7, 27) .After performing a salpingoscopic evaluation of the tube, an incision is made to create a new opening in the end of the occluded fallopian tube with a microsurgical needle electrode.
The tissue is the folded over and stitched into place.The new ostium replaces the normal opening of the fallopian tube. Laparoscopic salpingoneostomy has been reported with good results for tubal infertility and hydrosalpinx treatment in adults (28) . For better results, salpingoneostomy is suggested to be performed a few weeks afterthe inflammatory processes of the fallopian tube in adults (29) . Salpingoneostomy has been reported in children after ITT with recurrence free follow-up (7).
The long-term results of tube-preserving and restorative surgery and its efects on future fertility are not exactly known. Spontaneous conception and successful in vitro fertilization-assisted pregnancies have been reported after conservative tubal surgery in adults (30). On contrary, salpingoneostomy for hydrosalpinx treatment in adult infertile patients was not recommended due to the high risk of dismal spontaneus pregnanacy and recurrence of hydrosalpinx (31) .
Another controversial issue in the surgical treatment of ITT is the role of salpingopexy. It may prevent the recurrence of tubal torsion, but also may change the normal anatomic relation between the ovary and the distal part of the tube. Salpingopexy also shortens the mesosalpinx leading to impairment of blood suply to the adjacent ovary (32) .
CONCLUSION
Isolated tubal torsion is a rare but an important surgical emergency that should be considered in the differential diagnose of acute abdominal pain in female children. In the management of these patients, it should be aimed to preserve the future fertility. It is not possible to diagnose isolated tubal torsion based on the clinical and imaging findings. The exact diagnose is possible only during exploratory surgery. There are several therapeutic surgical options for the treatment of ITT with some advantages and limitations of their own. Surgical techniques should be considered on a patient-by-patient basis, but conservative management should be the initial treatment modality. Theresults of most of these techniques are based on the surgical experience in adults.
Therefore, more prospective studies showing the long-term results of salpingectomy or tubal conservation and their effects on future reproductive capasity of pediatric patients are needed.
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